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INTRODUCTION
For more than two decades, the standard of care for patients with early stage breast cancer has been breast-conserving therapy. Radiation therapy (RT), with or without a boost to the surgical bed, plays an important role in the adjuvant scenario by improving local control (1) (2) (3) (4) (5) (6) (7) (8) . The overall survival benefit of adjuvant RT for breast cancer patients was established in studies conducted more than 15 years ago (8, 9) . In those studies, however, radiation was delivered to the surgical bed and to all corresponding lymphatic drainage regions, including the axilla, supraclavicular fossa, and internal mammary lymph nodes (IMLNs). In patients with early stage tumors, conservative treatment is indicated, with no recommendation for irradiation of the lymph nodes, and therefore little is known about the effect that regional RT has on local control and overall survival. However, some studies have identified situations in which the lymph nodes, including the IMLNs, should be irradiated following conservative surgery (10) (11) (12) (13) . In general, IMLN involvement is related to the axillary lymph node status and the location of the tumor in the breast. The IMLNs are involved in 18-52% of patients with positive axillary lymph nodes, regardless of the primary tumor location, compared with 0-16% for those with no axillary disease; among patients with tumors located in the inner quadrants, IMLN involvement occurs in 25-65% and 0-20% of those with positive and negative axillary lymph nodes, respectively (14) (15) (16) . Nevertheless, the rate of clinically detected recurrences in the IMLNs after primary breast treatment, mainly in the early stages, is < 10% (17) (18) (19) . Some authors suggest that this can be explained by incidental irradiation of the IMLN through opposed tangential fields (13, 20) . An abstract presented at the American Society of Clinical Oncology annual meeting in 2011 (21) demonstrated increased disease-free survival in response to conservative surgery and locoregional RT including all the lymphatic chains in patients with breast cancer. Despite that improvement, the wide lymphatic irradiation did not allow treatment tailoring, leading the authors to improve their selection of the target volume regarding the lymph nodes: the supraclavicular fossa only; the IMLNs only; or both. In the few randomized studies published on this subject, no difference was observed between the studied groups in terms of local control or overall survival (11, 22, 23) . However, higher pulmonary toxicity is expected when the IMLNs are included in the irradiation fields. Therefore, IMLN irradiation is still controversial.
The RT target volumes are well defined for conventional two-dimensional (2D) and conformal three-dimensional (3D) RT techniques (24, 25) . When the 3D technique is used, there can be incidental irradiation of certain areas, including the IMLNs. Incidental irradiation of the axillary lymph nodes through opposed tangential fields reportedly occurs in up to 22.3% of cases (26) , although there have been no reports of such irradiation of the IMLNs.
As previously mentioned, the inclusion of the lymphatic drainage regions in the RT of breast cancer has the potential to improve survival. Therefore, the purpose of this study was to evaluate the incidental irradiation of the IMLNs in patients submitted to conventional 2D or conformal 3D RT, with no formal recommendation for irradiation of the IMLNs, as well as to compare the two treatment techniques in terms of the results obtained.
MATERIALS AND METHODS
This was a retrospective study of 80 breast cancer patients who underwent breast surgery and 2D or 3D RT between January and March 2012. Of those 80 patients, 40 were treated at a public facility and 40 were treated at a private facility. Consecutive patients were selected, and we included cases with no formal recommendation for irradiation of the IMLNs. The site of treatment, tumor stage, and type of surgery (mastectomy, breast-conserving surgery, or mastectomy with immediate reconstruction) were recorded for posterior comparisons.
For the patients treated at the public facility, the 2D technique with computed tomography for RT planning was employed, whereas the 3D RT technique was employed for those treated at the private facility. The total prescribed dose was 50.0 Gy or 50.4 Gy, in conventional fractions of 2.0 or 1.8 Gy/day, respectively. In the 2D simulation, patients were immobilized with a breast board and the field borders (the medial border, at the midline; the lateral border, at the midaxillary line; the upper border, at the second intercostal space or including the whole breast with a 1-cm margin; and the lower border, 1-2 cm below the inferior breast fold) were marked on the skin. The beam angles were defined according to those marks, and the lung volumes were included in the tangential fields-< 3 cm (preferentially < 2 cm) in the isocenter plane. The planning system was then optimized in order to achieve better dose distribution. In the 3D simulation, patients were immobilized with a vacuum cushion and the planning of the tangential fields was based on the target volume delineation for the dose-volume distribution analysis. In both techniques, the goal was better dose homogeneity-dose in the target volume ranging from -5% to +7%, in accordance with the ICRU 50 recommendations (27) . Wedges and field-in-field strategies were used.
We reviewed all plans and defined the IMLNs following the Radiation Therapy Oncology Group (RTOG) recommendations (25) : inclusion of the IMLNs from the superior aspect of the medial first rib to the cranial aspect of the fourth rib ( Figure 1 ), ipsilateral to the treatment site, with a radial margin of 0.5 cm (Figure 2 ). After delineation, the IMLN volumes irradiated through the tangential fields were evaluated for both techniques (2D and 3D), as follows: proportion of the volume receiving at least 45 Gy (V45, the minimal dose required for subclinical disease control); dose to 95% of the volume (D95); minimum dose (Dmin); maximum dose (Dmax); mean dose (Dmean); the volume receiving at least 25 Gy (V25), corresponding to the field borders; and the dose to 50% of the IMLN volume (D50). The IMLN delineation results were also compared between both techniques.
Few patients received irradiation of the supraclavicular fossa or a boost to the surgical bed. However, those fields were not considered in the final calculation and dosimetric evaluation.
RESULTS
Left-sided treatments predominated in the 3D cohort. There were no statistically significant differences between the 2D and 3D techniques regarding tumor stage, type of surgery (Table 1) , or mean IMLN contouring volume (6.8 mL vs. 5.9 mL; p = 0.411). Except for the Dmin, all of the dosimetric parameters analyzed (V45, D95, Dmax, Dmean, V25, and D50) presented higher mean values in the 3D planning (p < 0.05). In the 3D planning, the median Dmax was 50.34 Gy, although the IMLNs received a mean of 20.64 Gy, the V45 for the IMLNs being only 15.8% (Figure 3 ). Contouring and dosimetric results are depicted in Table 2 .
DISCUSSION
Management of the IMLNs in breast cancer is still controversial. Clinical trials analyzing the surgical resection of IMLNs have shown no significant benefit in overall survival (18, (28) (29) (30) . In studies showing that postmastectomy RT provides a benefit, all lymph node chains, including the IMLNs, were irradiated, although no benefit was found to be specifically associated with IMLN irradiation (8, 9, 12) . In a phase II study involving 100 women at high-risk (with stage II-III breast cancer) submitted to doxorubicin-based chemotherapy and locoregional RT (31) , there were 33 who, for technical reasons, did not receive IMLN irradiation. Comparing the patients who did and did not receive IMLN irradiation, the authors found that, over the 77 months of follow-up, the disease-free survival rate was higher in the former group (73% vs. 52%; p < 0.05), as was the overall survival benefit (78% vs. 64%; p = 0.008). A study conducted in France analyzed the role of postmastectomy IMLN irradiation in 1407 women with breast cancer in an initial stage (I-II) and showed that most (86%) of those women received systemic treatment (32) . The authors found no statistically significant difference between the women who received IMLN irradiation and those who did not in terms of the 10-year overall survival rate (59.3% vs. 62.6%). Cardiac toxicity was reported in 7 of the patients who received IMLN irradiation and in 5 of those who did not (32) . In a cohort of 2413 women with T3-4 N0 breast cancer or positive lymph nodes, evaluated between 2001 and 2006 in British Columbia, Canada (33) , IMLN irradiation was not found to improve locoregional control or overall survival. However, when the authors of that study evaluated only the women with positive lymph nodes, they found that overall survival was better in those who received with IMLN RT than in those who did not (91% vs. 88%; p = 0.01).
The role of RT in local control and survival remains controversial and has been studied by many authors. In general, there is no difference between groups receiving and not receiving IMLN irradiation concerning local control and overall survival. However, pulmonary toxicity seems to be more common in the former. The negative survival benefit data observed for IMLN RT might be due to a low risk profile in the selected population or to a tendency in the study design to detect significant (> 10%) differences in survival (26) . Therefore, the hypothesis that there are minor benefits in overall survival or local control, mainly in women at high risk for IMLN involvement (i.e., those with inner quadrant tumors and axillary disease), cannot be excluded. The results from the largest phase III trial of irradiation of the supraclavicular fossa and the IMLNs (34) , which featured a 10-year follow-up period, were presented at the European Cancer Congress 2013. The authors demonstrated a tendency of such irradiation (in comparison with whole-breast or thoracic-wall irradiation alone) to increase overall survival (82.3% vs. 80.7%; p = 0.056), as well as a significant benefit in disease-free survival (72.1% vs. 69.1%; p = 0.044) and in metastasis-free survival (78% vs. 75%; p = 0.02), without treatment related morbidity, thus supporting the assumption that nodal irradiation provides benefits (11, 31, 35) . The incidence of metastasis in the IMLNs varies according to the size and location of the tumor within the breast, as well as the axillary lymph node status. Therefore, for tumors with a diameter of < 0.5 cm, the incidence of such metastasis is 3-7%, whereas it is 40-60% for tumors ranging from 3.1 cm to 5 cm in diameter (36) . In patients with inner quadrant tumors and axillary lymph node involvement, the reported rate of IMLN involvement is 45% when the tumor is in the upper inner quadrant and 72% when it is in the lower inner quadrant (36) . Despite these high rates of IMLN involvement, the reported recurrence rates in the IMLN after the treatment of primary breast cancer are < 1% (19, 37, 38) . One may argue that this could be due to the incidental irradiation of the IMLNs through the classic opposed tangential fields, which could deliver enough doses to achieve subclinical disease control.
Using clinical reference points, Proulx et al. (20) planned and executed treatment with standard tangential fields in 50 women who had recently undergone either lumpectomy or mastectomy. Post-planning computed tomography scans were obtained, and the tangential radiation fields were visualized through the use of radiopaque markers affixed to the skin. The results were analyzed statistically for the frequency of inclusion of the IMLNs in the tangential radiation treatment portals as determined on the computed tomography scans. Among the 50 patients, the IMLNs were found to be completely within the tangential fields in only 14%, partially within the tangential fields in 40%, and completely outside the tangential fields in the remaining 46%. However, those authors analyzed only the internal mammary vessels, did not define the clinical or planning target volume, and did not determine the dosimetry (20) . In a similarly designed study, Hare et al. (12) showed complete or partial coverage of the IMLNs in 70% of the cases, without dosimetry. The authors suggested that this incidental irradiation partially explains the low failure rates in the IMLNs. Without a dose/volume measurement, it is difficult to ascertain the true clinical impact of incidental irradiation.
In the present study, we analyzed the true incidental dose in an RTOG-based IMLN volume in patients for whom IMLN irradiation was not specifically indicated. We quantified that irradiation with 2D and 3D techniques. The results were analyzed individually and compared between the two techniques. The mean D95 for the IMLN volume was 228.1 cGy and 753.0 cGy for the 2D and 3D techniques, respectively. The mean V45 for the IMLN volume was 2.2% and 15.8% for the 2D and 3D techniques, respectively. Therefore, the IMLN volumes did not receive a significant dose of incidental irradiation.
All dosimetric parameters are expected to be higher when the 3D technique is used than when the 2D technique is used. Although one may argue that this is related to the contouring, we found no difference between the two facilities under study in terms of contouring. In addition, most of the patients submitted to the 3D technique had early-stage breast cancer and had undergone breast-conserving surgery, unlike those submitted to the 2D technique (Table 1 ; p > 0.05). Patients treated at the public facility (i.e., those submitted to the 2D technique) presented disease that was more advanced. Consequently, mastectomy, which necessitates the inclusion of the chest wall in the radiation field, was performed in a larger number of cases at that facility. Even the fact that left-sided treatments could be more "economical", sparing the heart and reducing the IMLN coverage, might not explain our findings, because most left-sided treatments were performed in the 3D cohort. This supports the hypothesis that the higher doses observed with the 3D technique are a consequence of better planning of the target volume coverage due to better visualization of the target and of the organs at risk, as well as of the fact that the use of the 3D technique makes it possible to analyze the dose-volume histograms. In addition, neither the 3D nor the 2D technique allowed the minimal dose for subclinical disease control in the IMLNs to be attained.
CONCLUSION
Incidental irradiation of the IMLNs through opposed tangential fields does not provide adequate doses for subclinical disease control with the 2D or 3D RT techniques.
